Introduction
The prevalence of diabetes mellitus is increasing worldwide and is a significant risk factor for cardiovascular disease, which can manifest as coronary artery disease, heart failure, stroke and peripheral arterial disease, representing 65% of all the deaths in the diabetic population [1] .
Transplantation is now the gold standard for the treatment of end-stage heart failure, and the number of patients with diabetes is increasing. Some studies have highlighted an increased risk of infection post-transplant, rejection, coronary artery disease, renal failure and mortality in diabetic recipients [2] [3] [4] . The International Society for Heart and Lung Transplantation (ISHLT) database shows an increase of 20-40% in late mortality among those with diabetes [5] . However, the results are sometimes contradictory, and some authors have found no differences in survival [3] . Recently, we reported no difference in survival at one year after transplantation [6] . On the other hand, immunosuppression aggravates pretransplant diabetes and increases the post-transplant risk   23   24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42 of new-onset diabetes [7] . Recent studies have shown that the incidence of new-onset diabetes after the first year of transplantation varies from 2% to 50% [6, 8] and affects outcomes. Hence, some centres have been reluctant to offer transplantation to patients with insulin-dependent diabetes.
Here, we intended to determine the morbidity and survival among heart transplant recipients with and without diabetes at our centre to try to understand how diabetes mellitus might affect late outcome.
Methods

Study protocol
Between November 2003 and June 2009, 141 patients over 18 years of age underwent first heart transplantation. Patients with diabetes mellitus without severe secondary end-organ disease [retinopathy, neuropathy or nephropathy with creatinine clearance (CrCl) <40 ml/min under optimal medical therapy] [5] , even with suboptimal glycaemic control, were included. The diagnosis of diabetes followed the American Diabetes Association criteria (fasting glucose ≥126 mg/dl or two occasional measurements >200 mg/dl and symptoms of hyperglycaemia) [9] . The surgical technique employed was total transplantation with bicaval anastomoses. All patients underwent immunosuppression induction with the anti-interleukin-2 U n c o r r e c t e d P r o o f T1   T2   T3  T4  T5  T6  T7  T8  T9  T10  T11  T12  T13  T14   T15  T16  T17  T18  T19  T20  T21  T22  T23  T24  T25  T26  T27   T28  T29 monoclonal receptor antibody (basiliximab) and maintenance therapy mainly with cyclosporin (89% of patients) or tacrolimus, in association with mycophenolate mofetil and prednisone. All 132 patients who were discharged from hospital (94%) were medicated with a statin dose-adjusted to their lipid profile, and were highly incentivised to adopt personalised dietary and physical activity programmes.
For the purpose of this analysis, performed from a prospectively organised database, the population was divided into two groups according to whether patients did or did not have pre-transplantation diabetes. All patients were followed by a dedicated group of surgeons and cardio logists, applying internationally accepted consultation and myocardial biopsy schedules. The follow-up was 100% complete and extended from 12 to 68 months. The following complications were recorded: (1) mortality (cerebrovascular, cardiovascular, infection, rejection, postoperative haemorrhage, and other); (2) severe infection; (3) malignancies; (4) renal dysfunction (creatinine >2 mg/dl); and (5) acute rejection (grade ≥2R of the ISHLT classification of myocardial biopsy). 
Statistical analysis
Baseline characteristics
The pre-transplantation demographic and general characteristics of the patients are shown in Table 1 . Forty-one of the 141 patients (29%) had diabetes mellitus, of whom 80% were medicated using various insulin regimens. The patients with diabetes were older, but there were no statistically significant differences in the prevalence of cardiovascular risk factors or ischaemic heart failure between the two groups. Table 2 shows the pre-transplant laboratory data. Diabetic patients more frequently presented a lower CrCl <60 ml/min (71% vs. 51% of those without diabetes) and significantly higher fasting plasma glucose levels. There were no significant differences in the lipid profile, uric acid or C-reactive protein level, or pre-transplantation haemodynamic data between the groups (Table 3) .
There were also no significant differences in relation to the characteristics of the donors (32±11 years, body mass index 24.9±3 kg/m 2 , and similar inotropic regimens). The mean time of myocardial ischaemia was 93.1±35.4 min, with no significant differences (96.5±38.0 for those with diabetes vs. 91.8±34.4 min for those without; P=0.99).
Results
New-onset diabetes
During the first year post-transplantation, 17 patients (17%) developed new-onset diabetes; these were kept in T40   T41   T42  T43  T44  T45  T46 T47 T48 T30   T31   T32  T33  T34  T35  T36  T37  T38   T39 158 mg/dl, P=0.001; low-density lipoprotein cholesterol 118 mg/dl vs. 98 mg/dl, P=0.015). There was a significant improvement in the control of fasting glucose level in patients with diabetes (glucose 178 mg/dl pre-transplant vs. 138 mg/dl at follow-up; P=0.016). At one year post-transplant, 17 patients without diabetes (17%) had developed new-onset diabetes (see below); hence 40% of the patients were diabetic, and 68% of these were on insulin regimens. There were four additional deaths during the first year, for a total one-year mortality (including perioperative mortality) of 9.2%, with no significant difference between the groups (17% in those with diabetes vs. 6.0% in those without; P=0.13), as shown in Fig. 1 . Three of the late deaths were caused by infection. The survival at one-year follow-up was not significantly different (Fig. 2a) , but at three years there was a significant decrease in the survival of diabetic patients (73% vs. 91%; P=0.020) (Fig. 2b) . At five years, the difference was not significant (69% vs. 84%; P=0.29), probably due to the small size of the sample (Fig. 2c) . Table 5 shows the estimated survival (in days, ±S.D.) and 95% confidence interval (CI) for individuals with and without diabetes at one, three and five years. There was no further evolution of the metabolic and haemodynamic profiles from those observed at one year.
Seven variables were tested to determine their influence on survival at one and five years: pre-transplantation diabetes (P=non-significant), pre-transplantation fasting glucose ≥126 mg/dl (P=non-significant), CrCl <60 ml/min (P=0.007 at one year; P=0.012 at five years), recipient's age >50 years (P=non-significant), donor's age >45 years (P=non-significant), status IA (P=0.048 at one year; P=non-significant at five years) and total ischaemia time >90 min (P=non-significant). Using multivariate Cox regression analysis at one and five years, only CrCl <60 ml/min was a significant independent predictor of mortality, with a hazard 157  158  159  160  161  162  163  164  165  166  167  168  169  170  171  172  173  174  175  176  177  178  179  180  181  182  183  184  185  186  187  188  189  190  191 the non-diabetic group. Pre-transplant fasting glucose impairment was observed in 26% of those who remained non-diabetic and in 53% (nine patients) of those who had developed new-onset diabetes by the one-year follow-up (P=0.22). Although not statistically significant, fasting glucose impairment appeared to be a determining factor in the new onset of diabetes.
There was no significant difference in the immunosuppressive regimen: 94% of those with diabetes received cyclosporin, compared with 90% of those without (P=0.96). All patients who developed new-onset diabetes were initially medicated with cyclosporin. However, at one year there was a tendency for non-diabetic patients to have been changed to tacrolimus more often than those with diabetes (10.4% vs. 2.8%; P=0.34).
Clinical course
There was a significant difference in the mean time of posttransplantation mechanical ventilation between patients with and without diabetes (23.6±47.2 h vs.16.9±16.6 h; P=0.017). There were nine hospital deaths (6.4%), as a result of hyperacute rejection, postoperative haemorrhage, cerebrovascular accidents and cardiovascular causes (two patients each) and one case of haemorrhagic pancreatitis, with no significant difference between those with and without diabetes (12.2% vs. 4.0%; P=0.20). The mean hospital stay was 16.3±14.9 days (median 13 days), also with no significant difference between the groups (15.9±9.7 for those with vs. 16.4±16.6 for those without diabetes; P=0.45).
With regards to the laboratory data (Table 4) , there was no difference in the lipid profile between the two groups at one-year follow-up, but there was a significant deterioration in the diabetic group compared with the pre-transplant situation (total cholesterol 192 mg/dl vs. Fifty-two patients (39%) showed a deterioration in renal function during the first year after transplantation, but none required dialysis during this period; 16 of these patients (12%) had previously had normal renal function (8.3% of those with vs. 14% of those without diabetes, with initial CrCl ≥60 ml/min; P=0.67). However, at the three-year follow-up, three patients with diabetes (4.9% of those alive) needed dialysis. None of the diabetic patients required dialysis. A total of 24 patients (18%) had had at least one episode of acute rejection ≥2R of the ISHLT classification (total number of episodes, 29), with no significant difference between groups (Fig. 1 ).
There were only three cases of post-transplant coronary artery disease (TCAD) at one-year follow-up, one in a patient with diabetes and two in patients without. One of these had developed new-onset diabetes. When comparing non-diabetic patients with patients with new-onset diabetes, there was no significant difference at the one-year follow-up (1.3% vs. 5.9%; P=0.34). No new cases of TCAD were detected up to the five-year follow-up.
At the five-year follow-up, there were 14 cases (11%) of neoplasia (19% in those with diabetes vs. 7.3% in those   192  193  194  195  196  197  198  199  200  201  202  203  204  205  206  207  208  209  210  211  212  213  214  215  216  217  218  219 without; P=0.14). During the first year post-transplant, one non-diabetic patient developed a recurrent malignant neurological tumour (0.7% of the total transplanted population).
Discussion
Diabetes mellitus is generally seen as a risk factor for and a complication of heart transplantation and immunosuppressive therapy, being considered by some to be at least a relative contraindication to transplantation [10] . In our centre, the percentage of diabetic patients among heart transplant recipients (29%) was higher than in many published studies [3, 4] . Nevertheless, the global survival at one-year follow-up (83%) was similar to that of patients without diabetes.
Neither fasting glucose impairment nor pre-transplantation diabetes were independent predictors of one-year mortality [6] . This is in accordance with some other authors' works, but differs from some studies with longer follow-up periods [2, 11] . In fact, the three-and five-year mortalities observed in our study had already evolved to a lower survival in individuals with diabetes. We noticed no statistically significant differences in the incidences of infection, acute rejection or renal dysfunction during the first year, and this appeared to persist up to five years. In our centre, 23% of deaths at the one-year follow-up were due to infection, but there was no difference between patients with T49   T50   T51  T52  T53  T54  T55   T56 U n c o r r e c t e d P r o o f T57  T58   T59   T60  T61  T62  T63  T64  T65 T66
One-year survival analysis
Three-year survival analysis
Five-year survival analysis and without diabetes. The same was true for death due to cardiovascular causes (23%), acute rejection, haemorrhage and cardiovascular or cerebrovascular causes (15% each). By contrast, renal insufficiency (CrCl <60 ml/min) was confirmed as a significant predictor of one-year mortality (hazard ratio 9.7, 95% CI 1.26-74.82; P=0.029) and five-year mortality (hazard ratio 9.0, 95% CI 1.12-72.03; P=0.039). The incidence of new-onset diabetes in our population was 17%, lower than that reported in other studies. It is known that immunosuppressors, especially the calcineurin inhibitors and steroids, play an important role in the development of diabetes. Tacrolimus is known to have a five-times higher diabetogenic effect than cyclosporin [4] , and 18% of our non-diabetic patients who were changed to tacrolimus developed new-onset diabetes.
Our lower incidence of new-onset diabetes may also be explained by individualised therapeutic regimens and the aggressive metabolic control programme. It has previously been demonstrated that lipid-lowering agents, such as statins, raise the sensitivity to insulin and reduce the risk of new-onset diabetes after heart transplantation [12] . In addition, the use of drugs with known cardiovascular-and diabetes-protective properties, like angiotensin-converting enzyme inhibitors, which help to decrease insulin resistance [13, 14] , contributes to preventing new-onset diabetes and to delaying the metabolic effects of already present diabetes. However, oral glucose tolerance and haemoglobin A 1c level were not routinely tested at our centre, so the percentage of new-onset diabetes may be underestimated. Nevertheless, we observed a significant improvement in the control of fasting glucose levels in patients with diabetes at the one-year follow-up.
Finally, there was no difference between the lipid profiles of patients with and without diabetes, although we noticed a significant deterioration in the lipid profile of the diabetic group. Hence, we may say that having diabetes does not necessary raise the risk of complications associated with the lipid profile in the long-term. Additionally, 68% of diabetic patients were medicated with insulin regimens after heart transplantation, which makes it difficult to obtain long fasting periods; therefore, the assessment of lipid profile may be suboptimal in some patients.
This study has obvious shortcomings. The small size of our population and the short period of follow-up recommend caution in deriving conclusions and statistical significances. Larger series and longer follow-up studies are required to U n c o r r e c t e d P r o o f
Conference discussion
Dr. S. Daebritz (Dusseldorf, Germany): This interesting talk touches on the increasingly discussed issue of prioritising limited medical treatment for specific patients. According to the ISHLT Registry, about 20% of heart recipients are diabetic.
May I ask you for three comments: The mortality in follow-up is attributed to the comorbidity of diabetes potentiated by the side effects of immunosuppression. Did you coincidentally look at the time period the patients were insulin-dependent prior to transplantation, which the registries can't look at, just to see whether there is an impact of subclinical preexisting microvascular damage on outcome?
And second, did you have a specific regimen for the use of statins and control of the lipid profile and hypertension and weight in these patients?
And third, most importantly, did you apply a specific immunosuppressive protocol to these patients, particularly with regard to steroids? We had about more than 95% of patients steroid-free one year after transplantation, and this has proven to be beneficial, particularly for diabetic patients.
Dr Saraiva: Regarding the first question, some diabetics presented for transplant with a recent diagnosis of diabetes and so they were on insulin for a short time. So it's hard to say if they were on insulin for one year or just one month. We have some information on whether they were on insulin or oral antidiabetics, but we did not analyse that data.
About the second question, all the patients discharged from hospital were medicated initially with pravastatin, 20 mg, and then the statins were adjusted to the lipid profile of the patient. We insist on a rigorous diet and exercise program and medications, including statins, to control the lipid profile and to improve the glycaemic profile of diabetics.
As to the third question, the diabetic patients constitute a special therapeutic problem. So we adjust all the immunosuppressors individually. We try to avoid using tacrolimus initially in diabetic patients, because we know that it has a hyperglycaemic effect about five times greater than cyclosporine. We also try to reduce the steroids as soon as possible without compromising safety with regard to rejection. 347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373   374   375  376  377  378  379  380  381  382  383  384  385  386  387  388  389  390  391  392  393  394  395  396  397  398  399  400  401  402  403  404  405  406 better define the impact of diabetes mellitus in heart transplantation programmes.
Conclusion
In conclusion, no significant difference was seen in the prognosis of those with diabetes during the first year after heart transplantation, as long as patients maintained tight glucometabolic control. However, at three-year followup, survivals were significantly inferior among diabetic patients, although there were no significant differences in late morbidity. Preoperative fasting glucose impairment appears to raise the risk of development of new-onset diabetes after transplantation. Renal insufficiency was a predictor of one-and five-year mortality; hence, it is crucial to maintain a tight control and optimisation of renal function. We believe that, overall, the results of heart transplantation in patients with diabetes mellitus are good, so this group should not be denied transplantation, although they require tighter glucometabolic control with individualised therapeutic regimens and lifestyle adjustments.
